A REVIEW OF ANTENNA TECHNOLOGIES FOR FUTURE NASA 

EXPLORATION MISSIONS 

NASA’s plans for the manned exploration of the Moon and Mars will rely heavily on the development 
of a reliable communications infrastructure from planetary surface-to-surface, surface-to-orbit and 
back to Earth. Future missions will thus focus not only on gathering scientific data, but also on the 
formation of the communications network. In either case, unique requirements become imposed on 
the antenna technologies necessary to accomplish these tasks. For example, proximity (i.e., short 
distance) surface activity applications such as robotic rovers, human extravehicular activities (EVA), 
and probes will require small size, lightweight, low power, multi-functionality, and robustness for the 
antenna elements being considered. In contrast, trunk-line communications to a centralized habitat on 
the surface and back to Earth (e.g., relays, satellites, and landers) will necessitate high gain, low mass 
antennas such as novel inflatable/deployable antennas. Likewise, the plethora of low to high data rate 
services desired to guarantee the safety and quality of mission data for robotic and human exploration 
will place additional demands on the technology. 

Over the last few years, NASA Glenn Research Center has been heavily involved in the development 
and evaluation of candidate antenna technologies with the potential for meeting the aforementioned 
requirements. These technologies range from electrically small antennas to phased arrays and large 
inflatable antenna structures. A summary of these efforts will be discussed in this paper. NASA 
planned activities under the Exploration Vision as they pertain to the communications architecture for 
the Lunar and Martian scenarios will be discussed, with emphasis on the desirable qualities of 
potential antenna element designs for envisioned communications assets. Identified frequency 
allocations for the Lunar and Martian surfaces, as well as asset-specific data services will be 
described to develop a foundation for viable antenna technologies which might address these 
requirements and help guide future technology development decisions. 
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A Bold Vision for Space Exploration 
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Promote international and commercial participation 
in exploration 





Communications Network Architecture 
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Mars Global Surveyor (MGS) Arrived December 25 , 2003 
Arrived September 12, 1997 
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Basic principles observed and reported 





Large Aperture Deployable Antennas 

(X-, and Ka-Band : TRL 4) 
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Terrestrial” Deployable Antennas 



pedestal array concept 




4 Element Inflatable Antenna Array 

August 2005 
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Large Aperture Deployable Antennas 



(1) Low cost fabrication and inflation of an annulus antenna 

(2) Overall surface accuracy 1 mm 

(3) Negligible gravity effects 

(4) Elimination of large curve distortions across the reflector surface (i.e. Hencky curve) 





Conformal • Low MMIC efficiency Potential Applications 

Graceful degradation (thermal management • CLV, CEV 

Multi-Beam problems) • Robotic Rovers 

Fast Scanning/acquisition • Cost per module • Satellite Systems 

S-, X-, Ku-, K-, and Ka-Band • FOV (limited to +/- 60°) • Surface Communications 



GRC Low Cost Electrically Steerable Array 

Antenna Road Map 



1990-1998 : Funding Source ACTS 
2000-2003 : Funding Source SCDS 



256-Element Ka-Band Phased Array 

Antenna (PAA) 



256 Elements Array (Boeing) 





















Two Principal Planes Cuts Antenna 
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SQR of Number of Radiating Elements 
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Multi-Beam Antennas 







Antenna Technologies for 
Future NASA Exploration Missions 
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Compact Microstrip Monopole 
Antenna (CM M A) 
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Miniaturized Antennas in Random Sensor 
Arrays for Planetary Surface Exploration 
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Miniature Antennas 
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surface communications assets (e.g., SDR radios) where available 
space and power place stringent requirements on mobile 
communications systems at the envisioned UHF/VHF/S-band 
surface comm, frequencies (i.e., astronaut suits, probes, rovers) 



